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ABSTHA<'T 
Tlw uhra~trtll'lun• ol lht• !'t't'rl'lor\' rt'lb ol humun a\illury ~lnnd:- h;t, lwt·n dt·-crihNI in 
drtail hy .,pn·ral author,. Hnwt'\Pr. p,·idPnce ahnu1 tht' nwrhani.,m olst•t·rt'l ion in the:-e glancb 
remain,.. largl.'ly tht•urt>t iml. The· pre,Pnt "llld\" wa ... undt'rtaken to dNNmirw ''hether phar-
nutt•ologir :-timulalinn would product' more pret·i!'r tnlnrmation ahnut lh1s process. The re 
suits tndinltt that alh•r t•piut•phrtne tnjectwn. liw di,lrihutton. numbt·r. nnd mnrphologv ol 
c\ loplasmi(' orgatwlle., do nnl changC' significant I\. Apical n·ll nwmhrunt l'hnngc, wt·re ;,ccn 
most con.,i,tt•rHly. hut no1 uni\ t•r-.alh'. at I hr and:! I hr Hll£>r epnwphrttll' tnlt't'll!ln. Thl' clt"-
JlC'rsrnn uf parlidt•-. rnnlaint·d in tht' ,..l't'rCiory gr;tnult•:- wa" """' deurh -.t•t•n 10 min and I hr 
allt•r in1l't'l ion and mav urcur tn ronnefl ion '' ith tlw n·toplasmit· lilanwnt:- 1hat are dn,..C'ly 
a,..snl'tllll·d "it h till' •t'<'rt·lnn 1-(Willtlt· .. Tht•,..t• 1ilum1·nts IIIII\ pia.\· a nw ior rnlt• 111 din·t'lllll( l ht• 
nl'ti\'itit·,.. ol th<• "L'l'ft•ton n•lb. Two di .. rrt·H· l\'pt· .. nlj!ranull'' t'lllltatn "L't·n·ton· partid<·,.. : a 
1h1rd 1\'Jll' ol cylopla-.rnit- mdii,.Jon i,.. tht· init1al lormalion ol11llt' typt• ol ,..t•tn·tor\ gnmull'. 
\\'htn•as milorhundria, \\ hll'h urcordin:: to "nnw 11111 hor-. an• t rnnslornll'd into :-!'l'n·tury 
granuh'». on'lhiiiiWII\' htTonw t·nlan!<'d "lwn 1lwy un'IIJl\' apit·al ,.til·:-. no t•\·idt•nrt• of .,urh 
:-<·rn•ton· 1 ran-.lormat iun \\II,.. dt·lt'l'll·cl. Tln·,..l' uh,..t•n at iun,.. indil'att' I h;ll till' lllt'l'hani,m ul 
apol'l'int• "l'l'rl'l ion j,.. an t·XI n•nwh· -.ubtlc prnn•-.,.. '' hu·h can lw dt•arl\' urul<-r.;lood only" II h 
i Ill pro\ I'd I t•t' h nology. 
l>b·JIIIt· till' numt·r•Hb .. tudic·,.. ol tht• ,..trut·tun• 
and phyl'iolo!!\ of apocrim• !'\\t'al !:!Ia ncb. 1 ht•\' 
continut• to l'""" ,•lu,..i\t' prol•lt•m,.. 111 \'IIIUIIl'"ll" 
biulo!!i"t". For t•:>.:unpll'. till' sL'rn·tor) n•ll,.. in till' 
sweat l'oib t·ontntn grunult~""'""llnll'd 10 Ill' :-t•rrt•to-
n. hu1 tlw nlt'rhanbm \\ht·n·hy tlw~· nmlriltute 
"t'crl'ltll)' product .. ha,.. hl•t•n a -.uhicrt ttl mm·h 
dehatl', 
Tlw t·ontuHlntm ol uponitll' 'Wl':tl ,..t•tn•t ion ha .. 
heE'n t·om pi icat t•cl lty tlw '-l't'rt' l llf\' n•ll ,.., nu·tu rt•, 
Whtdl \ 'Mit•.., l'IIIISidl'nthh HlTIIrcllllJ! Ito I ht• 'Jll'l'I('S 
ob ... crH·tl. In man, IIH' ll'llll aponinP i' dt·arl.' u 
misnnmt'r -.inte hi,tologt< -.1 udit·-. [1. ::! I hun· defini· 
ti\ely ~hm\11 and ultra;.tntrtuml s1udic•,.. j:l -i) hnvr 
('onti rmNI 1 hat 1 hl• a ptc'l'" o1 t ht'H' 'ell,.. are not 
slwd clurmg 'l't'rt•ltnn, '\ et. 111 tlw raltltit -.ullman· 
clibular or;!:ltl [!\I :ltld 111 tht• mochlll•d ,..wt•:tl cnib of 
lemur antd1rachtal nr:,!an:- IU 1. lnrJrt' HJiit·nl por-
tion" ol "l't'n•tor\' 1 \'lopl.t~lll .tre ~lflltghrcl dunn~ a 
t rut• a puC'rinc• pr•)t'l''"· 
Tht• eht·mical , 11mpo,.1t ion n1 t ht• prndul'l ul 
apocrtm• ,..t·t'rt•til!ll ha,.. not lu.>t·n dl'liniti\l•h- a,.. 
;.m('cl, hm\\'\l'r. ll urll'y and Sht•llt·~ 1101 l01mcl 
prntl'ill. t•arhoh\'dratl', ammonia. and lipid . Fl'rrit· 
iron ha,.. no1 ht•t·n demonstratt·d in 1lw luml'n Ill. 
hut aporri1H' "'"'at rtnllam,.. slil!hr quantitit',.. llll] 
and -.orne"~'' rt•tory n•lb contain high n>nt·t·ntr:t· 
lion-. of iron ]1.11 1. 
His I odwrnil'a I 1 1'-.t,.. h;l\'(' ya•ldt·d -.u h,.;t;llll tal 
Puhlirill iun ;\o 7111 ot !Itt• Clrt•gun Hf'~luna l l'rimtlll' 
Re,.~:arrh ('t•ntf'r. ~npportt•d in pun 11\ <:runt,. A~! wq~;, 
and HH IMIII1:1 ol till' '·Hionnl llhlillllh nl llt·nlt h. 
· From tht• I>Ppart mt·nt nl C'uiiiJII<>IIS 1\iollll!\', Ort•gun 
Hrgwn.ll l'rtm!lll' He,t•ardl l'•·ntt·r. Ht-.1n•rton, Ort·.:on 
91011.-, , 
inlonuat ion n hout tlw ~rnnull•.., 1 hat pn·,..umahl~ 
c·onlain thl' -.t·rrt·lory produn . :\luntagn.t l't a) Ill 
anrl Hunt in!! l'l al [II J dt•rnon,..t ratt•d P.\:-. po,it h-
ity with clia-.ta,..<• r<•-.i,..Jaru't' 111 aptl'all~ lorat C'd 
l{rnnult•, ol ,-trluall\' all st·t·rt:tllr\ cell-,, :-.lighl 
clilhht PAS positi, it~ in the· .tptntl proit't'lion of 
rohtmn.tr rdl-. and :-udanophtltr ltpid ancl pi~­
nwnl · • om ainmc granull·,. in -onw nil-,, \l un~wr 
171 demor1,.1 rat('d ,ullll\cln I and cli-.ullidt• rNH'II\ -
il\' in tlw a pint! gr<tnur"t·" · r\t•id pho ... phata't' arli\-
ity totTilr... in tlw apil'al ~:rnnult•,.. o1 almo,t all 
-.t•t·n·tll~' cl'lb ]1!!.1 :11: ff·glut'urunida,t• i-. u(,.o one 
of tlwi r rom punt•nl,. II :q 
Tlw qtw:-linn ol hm\ many kmcb nl J!ranult•,.. c;tn 
he di,tinl(ui-.ht-d Ill aponirll' ,.,('rrt·lory nib has 
arotht·d con,.icleraltlt' l'onll'l•\l'r...\'. In thl' 111'-'t ultra-
strul'l ural •le-.tript ion of humn~1 apuninl' gland,., 
Kumsumi t·t ul l:!ln·porl!·d '"" di-.tinu type·-. ol 
granult·,.., tllll' li:,:lll untl l'lt·ctrnn lun·nt. tlw other 
dark unci dt·l'tron oplllllll'. 'l'lw light !!ranull., \\l'rC' 
ronsiclt•rt·d In tlw uuthor:- to lw l'M't•t•din!!l\· larg(•. 
1 ran.,fornwd mitud11111clri.t. 'l'hP dark granult•,.. \'a-
ril·cl t'lltbicl t•rahlv inshapt• and 1\l?rl.' nul homogt•nt-· 
nus r\ llt•r r h j., t•a rl \' n• port . "'l'\'l'r<l I Ill\~'"' igu tor... 
ll.li.l:! I~> I allt•mplt·cllu ch·llnt• thl',l' granult•:-., hut 
hi.,toclwmiral dl'lllllll"l ral ion-. at tIll· lil(ht micro 
"t·opl· lt·\t•l hmt• 1101 hN•n dl•linitt\t-1\ t·onelatl'd 
with ultra .. trut·turalohwnatiolb. 
!,.. :-l't'reton t•t•ll nwrpholog\ alll'n•d sig-nilil'ant (\-
during llw "~'t'rctory prol't·,...,., !\Jo,.t of 1 ht• inlorma-
111111, part i1 ularh about hum,ln aponitw "" l'tll 
glnmk is ctrrum~tunlia l Kurosumi el al ]:J I de-
fuwd "l'\'t•ral morpholugir stagt•s in the <tpirnl t't•ll 
nwmhram· and c·onsiclt•rt•d 1 ht•lll to he relutt'd to 
tlw art i\ it,\' ol indi\'idual t'(•lls. but I hl•ir ;,pl'rinwn" 
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FIC~. 1: a: Apm:nne swrot ('oib from the axilla of <I 2:1-ve>ar-uld human male belure t•pinephnrw inJet:tinn The 
secret nl'} cells are ellher l'Ub<lldal nr columnar and almm•t compleH·I~ surrounded at thetr basal su rlaces hy 
myoepithelial cell~. Most secretorv cell~ ha"e abundant a ptcally located granules (arwws). :l!O. 
b: Apm·rine sweat coils from a 2:1-year-old human female 10 min after epinephrine injel·tiun. Tht ~ecretorv cell 
morphnln({v doe~ nu t var\ stgnifkantly lrnm that in Fi~rure Ia. heture epi1wphrine inJeninn However. ,orne nl t he 
myoepithelral cells have hlanched wnes (arrows). 
were obtained at surgen· and were not s li mulat<'d 
with pharmacologic agents. However, Aoki ]16 I 
showed that the height of lhe apocrme epithelium 
in the hairy skin of dogs increased substantially 
after pharmacologic s timulation. a nd Hurley and 
Shellev [ 10 1 elici ted a sweat response on the surface 
of human skin by int radermal inject ions of epineph-
rine. It seemed reasunable. therefore. w stimulate 
human apocrine glands pharmat·ologtcally and ln 
compare their histologit· and ult ra:-trud ural fell -
tun•s hef(m,• and after :-ttmulut ion, Surh cxpen-
ments might prm·ide more dire('! in l11rm ation 
ahout the H'cretory ryde und the result~ an~ 
presented here. 
MATERIAL.., A'D METIIOD~ 
The human subjects m 1h1s ~tud\ \H'rt>:! male' t :!1 and 
:1:1 \ earsl and:! fema les 124 and :16 vetH,1 The left nr riJ!ht 
axilla ot each wa~ ,.Jmved and ,wahhcd with alcohol, and 
the axillar\· nr!(an uutlrnc•d with n skm murking- pentil. 
The axillary ~kin \\ithtn the out lined area wa~ hmp!>ll'd 
with a :1-mm dnll pun<'h \\ rthout anesthesia o.:l t•c· 
epinephrine ( I : J()tXIln hullered ~aline) was t hen rnit't·tcd 
subcutaneou>.ly in!n the axillar\ organ When hlanchmg 
had occurred, the blanched area \\8, outlined with a 
s ki n -markml{ pencil. and thrl:'!' btnp~\ sitE's were ,.clectNI 
within thi~ area. H1op~ic~ were obtained frnm thc~e s1tc~ 
10 min. 4 hr. and :!4 hr aher tnJet'tl<lll Thr !Issues "ere 
cut tntn small blocks and llxed ell her directh 111 buffered 
1,.. OsO, [lfj or in an alclch.'dernntmmnl{ mediumt 
he forE' "'11Hl'8t ton. AltE'r osn11cat mn. thE' t 1s>ues werP 
delwdmted thruugh an il'<t·endinl{ ,erie, ot ethanol~ w 
propvlene ox1rll'. l.'rnhedclecl an·orclm(.! tn :-ipurr [1R] nnd 
!>eninnNI and stained nt('()rdinl! tn rou t int' prnt·edu rl's ll>r 
clc•clrnn llliCrnscop\ . SE-ction" w£>re ,·iewed rn a Philtp~ 
1(10 elenron mit·r<"cnp£> operat in~: at 60 K\'. Adpcent 
"ect1ons II p. thirkl were cui. dried un slides. and o;taint'd 
wrth J', tnlu1dme hlue and 1, hnralo. lnr light mtt•roo.c·npe 
t·ompari,un. 
ORS~:R\ A1't0~S 
H.egardlr;.;. ol the inten·al-, at which hJOp,.ie~ 
\\ere taken cit her before or I 0 min. I hr. nr ~-l hr 
a lter epinephrinEc> inject inn. no overt changr>. were 
detertrd in the apocrine :-eneton relb. tFi~~­
la.bl. 
In all specimen~ from all ;;uhjerh. s\\eat coi ls 
were rmnpo~rd nl ei t her ruhoidal or columna r 
,.,erret or~ cells surrounded ~~~ mvoeptl hcl ial cells 
( Figs ~a.ht. The ruhoidal rells. most uniformly 
sef?n I hr ahrr epinephrine tn.JP('tton. always had 
t Hus~ell \;.J: Eptderrnal ultrastnlt'turl' dunng wound 
healing 111 l'htck ernhrvns. A thPsb ~uhmuted w the 
facult" of the Graduntl' School of the t 1mvt•n.H' of 
:VlinnE'MHa 111 piJrtial fultlllment of the rl'qui rt>ments nl 
tht.' degree nf Doctnr uf P hiJo,uph'. 1912 
FtG 2: a: Part nl an upuninl' swf.'at t·ntl lrnm a :!:1 )'E'!H·uld human mnlt· ThE' <l:~.illnr. sktn was hi<IJNed hPiore 
epinephnne inJCI'lion. In thi~ l'Uil. the sPcreturv rl'll~ are ruhotdnltn columnar and bordered at thl'ir bnsnl surface" b\' 
myoepithelialcelk The c:ulgi J.Onl.,. I~~ an· Iorge und loeatcd ;It t hi' aptcal puh·~ nf t ht• nurlet SPtretorv l(runule '1\pe~ 
I (II and lfl 1:11 are pre~ent in virtually all cell~. 1\ pe 11 121 in oc:casinnalt·ell~. :\lttuchundna ( ml lot·ated dm.e to the <·ell 
apit·cs are sometimes lar!(E'r thnn those lnntted in the hasalt·vtuplasm. lnthts rml.the aptt'l.'sul alltheset·retorv <·t>lls 
ha\'C numl.'mus mtno' tilt Ti.:ht jlln<·tinn" an: pn•srnt .tl tlw ili)Jifl'llllo! latt·r;tluwmhram•.,nl adJill'Cnt rells \\here thev 
meet the lumen :mm 
h: Apnnim· "enetnr. I'E'Ib fmm a human lcmalt· 24 hr alter epinephrim• injertion. The columnar eelb haw long 
apical pmjection; above the tight JUnctwns (arrnwsl ul thE' lateral t•ell membrane!'. The aptcal membranes are uften 
completely ~mouth Srcretnr~ granules are numerous tn thE' •tpit·al l'ytoplasm. all 1·ells contain Type I ( 1). Ill Cll and 
occasiunally Tvpe II (:!1 gmnuJe,., .. :!3.'>!1 
FIG :l: a .-\ large mlluchnndmm 111 an aptral sn~ ul a ~N:rctur\' t·ell. The cril;tae are ill defined, the matnx is 
extCill>IVc. At se\'eral JXII!lls ttro>und 11, ttn·umt'erence it i~ hurclerccl hy prnliles of grunulur t•mlnplasmk relit·ulum and 
cln:;t•h· 'IS>·nt·iated with T~ pt< I ,<•t·relnrv granult>s. A mtnoh01h lurrm\ I, typiral nllhusr lliTIU .. innillh fc•und in apcK·rinc 
cells. "al,n present. 1:!.-HKI. 
h: -\ den~e b11rl' ~imilar tu thn~l' louml in other t'l'll type~ and associated wiih 1hc· (;ul~:i wne ol an aponine 
sl'l'TClurv t•ell This type ul nrlo!aJit'lh· may den•lop mtu u '1\pc I sel'retc>ry granult•. l:!.ltlll. 
c. Tqw I ,;cnctory ~rnnuiL·' "ith ''~")ciat ed micrulila rnt'llt' Wnlun 1 hc granule. "kl'ins nl I !lament,. t·ttn be ~et.'n 
19.1!00. 
d: 'l'\'pt.' II seat.'l<ll') gmnult-- Ttw <'lllll(JC>.-iwm of tht• matm, '' lltlferl'lll trumthal ul '1\pe [j!TanttiPs.ln addltton to 
tilamenh, rnd-like :.lnJt'lUrb 1.1rro\\•l on·ur. partkularlv at th~ peripherv of the granule. H uwe,er likl' TYpe I 
granulb, '1\ pe 11 hudie- t't•ntatn 't·urtnry particle~ anJ srn<lllliptd druplet- · :Ji, IIHI. 
AI'OCRI:"\E A'\11.1...\R\ C:I.ASI)s 151 
Ftc; ·I Apu:al r' tup(a,m ul a '-t•cr!'tnr. n~ll I hr altl!r l'plnt:phruH• injc1 t inn In une cell -..everal prntile~ oll(ranular 
endoplasmiC' reticulum lam•w ... l are pre ... ent tol(ether "uh T~ pes I til and II 121 ,ecretnry J(ranules. In an adjacent cell a 
large mttnt·hundriun 11111 •K·t·upies an ap11':tl -..itl•, • lll,tl()(l, 
apical horclers with at lea~t a It·\\ mtcrm alii. 
wherea,., the apil·;tl cl'll memhram• ... of rolumnar 
cell~ ranl{ed I mm being complrtel\· -.moot h 1 most 
nften -.ren :!-1 hr ahrr intt·cttnnJ to ha\'ing numrr· 
nu!-> micrmillt. A lt·w rods had both rt·ll shape~. hut 
~enerallv the telb an rnrh coil wen• untfnrm Tight 
juncltons were pre~t·nt where the lnteral cell mem 
hranes of adjutent cells appo,.,ed each ol her at 1 ht• 
t•ell aptces \\hen n·lb were columnar. the tight 
junt·t ton occurr!.'d below thE.' nut pock E.' I mg of adJil -
cent apital membrane~ a,., lir,.,t dE.',.,crihNI h\ l<uro 
~;umi et al (:1j. At no intc•rval altPr anjf.'rtion wrre 
am eptnrphrinl:' anduted changt·~ lound in the 
morpholo:.,"· nl tlw ha~a I tnlold i ng ... nf 1 he ... ecret or\ 
CE'IIf>. 
Small porttnn~ ol mino\'illt and pror!.' ... se" ol 
apital eytnpla;.m w.o.-, 0.1 J.d \\err notabh but not 
univNsnll\' \'i;,ible in the lumina ollhr sweat coal!' 
I hr alter epinephrtne tnteclion Ttw l'Oillenh nf 
the dttrtal lumma contained only ntoplasmac 
\'('stde, nl the-.e dimc•nsion,.. At t·al'h inter\·al 
obsened. the apical portions ol onl~· a f('w cells 
!'hcmt'CI loss ot a lar~e -.<·< retnr\ f.!nlllllle. in tht•,.,e 
cnse:-. the apicul l\ to plasm appcan•d devoid ol 
organelle, and ('ntireh di-.ruplt•d 
Hegurdlb" ot rell hl•ight. numerou-. milo · 
chondrin were olten nlm<hl em·irded by prolilt> ... ol 
granular endopla-.mit' rrticulum. likt• those rl' · 
ported h\ manv other 111\'C;.t t~ato~. occa;.ional 
apicalh located mitochondria were unusually large 
with poorly defined cristae and expanded matr1ces 
t Fig 'in l D<•nse hodie,. presumed tn be lv-.osomes 
similar to those nt other cell t~ pes. were occasum-
all~ lound adjatent LO Golgi Ia mellae and vesicles; 
thesE' hodte-. \\E'rr mtompletrlv homo~eneous and 
hounded by ,ingle membrane, tFig. :lbl. Micrn-
bodiE's contamtng many "mall elect rnn-luC'ent 'ef>i-
clcs were also on·a,.,ionalh seen t Fi!(. :\a) 
Th!.' ultra-.tructural feature~ of the cells of male 
and female ;.uhtects d1d not differ. All apoerine 
cdb. re!{ardlrss nl shape. nmtained. a t the apical 
poles ol lhr nude a large (;oiJ.d znnes compo!>ed of a 
fe'' Ia mella<· and man\ \ esidrs. Some pro tile!> of 
J.!rnnular endoplasmtt reticulum were interspersed 
throuf,!hout the t·ytoplasm hut most di,.tiswtlv clo,e 
to mttnt:hondria and espenallv e"ident in the basal 
c~ toplasm. There \vere numerous free ribosomes. 
In some cell;., profiles of granular endop(a!;mic 
reticulum were more abundant I hr aft er inJe<·tion 
than at otlwr inten·als. e ... perially tn the basal 
tytoplasm and in the n•ll aptt·e;.. many occurred in 
lamellar arrangement;. I Fig I l 
All ~ecrrtPrY celb ('ontallwd one true sl'cretory 
!{ranule tF1g. :kJ. which ts referred to as Type l. 
Another type (Fig. 3d), which also occurred fre-
quently but not in every cell, is referred to here 
a,., T\pe !I Hoth Type l and T~pe II granules ha\e 
some features in common. e.g., small ( -250 AI. 
htghly elel'lron-opaque par!ttles and small lipid 
droplets (- 0.15 J.l). 
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Flf, .i. A hnnd ut nurrntdament,. l<lrn>\\sl puruliPlto thl' luminal ,.urta<·e ot n euhuidnl ~l'l'rl'IOI'\ cell . 12.HOO. 
Numerou~ filaments (- II 0 At. particularly e\ i-
denl after aldehvde rixatton. were ahundanllv asso-
ciated with both of these types of granules. (rigs. 
:k. 8al Hunc!les of lhe~e filaments often occurred 
paralll:'l to tht• longttudtnal 11:1.1s of t•olumnar apo 
crine cells and w I hi' apt cal surface ol cuhmdal 
cells (Fig. iil 
T\ pe,. I and II granull•s chller lrom each other. 
howe\l'r. 111 their lormat ion . Type I bucli!.'s an'e 
t rom \ e,tde,.. as,m iaH•d t•it her \\it h ( ;ut ~~ mnb or 
\Yith granul.tr endopla,..mil' r!.'tit'ulum I Fig flat . 
ThesE' \ 1:'-.ade, atquin• l•let·t ron-opaque material 
which. togetlwr \\ ith tilnml•nts 1- I Ill Al. form" a 
matrix upon which the small , elertron-opaqm· 
part ide,.. are cleptNI !.'d Thts 1'\'topla;;mtr induswn 
is idt:•nttc·al with t host• described h\ ut hers and ts 
cla..c;sifil'd here as a Type Il l wanule Small vesicle~ 
oc•caswnalh fu;.e \\11 h largc•r tmes on whtth small 
pan ide•,.. han· nlrench lwm deposited I Fig. 6h1 
Tq>t' II wanules lirst lorm a mat ri:~. tompnsed ol 
rod like ,tructurc:- 1- 0. I JJ dwmeterl assntt~llt'd 
\\ith granular endoplm.mic reticulum lFi~t. lal. 
L'ltimat eh. tht· mat rn becomes rounded. \'l'r\· 
large 1- IJJI. and U!-.Ualh dost•h- a,~ntiated with 
the nudet (Fag ihl Cytopla,mic: filament~ also 
het·ome assonatPd \\ ttl• the matrix . alter which 
~mall elert ron-opnqut' part idt•s and lipid droplet,., 
of variou~ sizel; are depo,..ited I Fig. 7rl. 
These granule tvpes sometimes mterart highly 
with one another Cvtopla<>mtc filaments are often 
seen when Tvpe 1 and Tvpe 11 wanuies are juxta-
posed !Ftg. id) or when either T,vpe I or Type II 
granules are found adjacent to mitochondria. 
Tlw mo,t stJ!ntltranth dtfll'rent feature nl the 
sern•tor\' ct•lt ... nlt!•r eptnt•phrine sltmulation is the 
di,JWn<ion of parll! les from the secreton granule>.. 
At tlw rell apkes I Ftg. ~ill nr nt'l'aswnalh through-
out tht• c\'toplasrn I Fig. Xbl. regardless ol whether 
Lhe cell )o;hapt· \\Us cuboidal or columnar. ;.mall 
pnrtidt•, (- :!:iO AI are rliss<wiated from Type I and 
II scnetory ~rnnule:-. !Fig. Sat Filaments t- 110 ..\) 
are clo,ely associated wtth these particles both 
t hrou~hout the a pit·al n toplasm and at 1 ht' peri ph 
ery of the clispl'r,..ing j!ranuJe,.. !Fig. "h.t•l Dunng 
granull' dispef"tnn. only t he small elenrnn -upaque 
partidt• ... are spread throughout tht• t·ytopinsm. 
panicularh at the n·ll a pic·t">-. Other components 
of the '1\ pl' II granule ... remam m du,te~ e\'en 
when th<•rt• ts no l'\tdence of a limiting membrane 
(Fig. Hell . 
t\hoepithrlial cells surround the secretory cells 
nnd. exrt•pt lor ... mall ;.et·retory rrll processes. 
separatE' therulrom thr basal lamina The myolilu -
ments rw1 pnrallrl to i h( long nxt)o; ol 1 he ,erretory 
cotl. -.ometimt',.. throughout the c\topla-.m but 
most often in tht• ha,al wne,.. of the cells. The 
nudea .tre acmlmally !orated close to the ha,al 
borders of the set'rt'tof\ cells The mnst strikmg 
change in tlw di;.t rihut wn ol mvofilamenb llt'l'U~ 
10 min uht•r epinrphritw injrction tFtg 9a) In 
~orne myoepll hl•I ial t"elb. the mvotllament;. are 
hen,ih rom·<·ntrated in ~ite;; adJacent to the basal 
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Ftt; , h: a: ' 1\pt• Ill j!Wnult•· 1'111' l' hurhc.· IIITTCI\\'1, 11111: 11 luuncl Ill thc• hils.tl nll>pl.tslll 1\l'll IH·Iuw tht· .tpll'llll) 
located Gol11i znnl's, nn• the b<•Jitnrllnl! ' llli:P ul lurmnttcm nt T\'JIP I l!rHnull'-. ll.l f>ll 
b. ~1!'fl!l'T tnrrn111 oln 1\pt·lll rrmuk 1111h a larf,!I.'T Type• I ,,.,ruun· ttranult. li .. ~O() 
F'tc.. 'i F'ormat ion ol 'h pl· II I(Tilll\llt·s. 
a: Tlw mil tal en·nt in lhh lnrmuflun i~ thl· lllTUrrenn· ul rud -likt• strut·lure~ tarrm,.,turlt;t<'t•nt It• thP nucleu, , , 
ll.'iiMl. 
b~ Tht• rod ltkl' 'I rut! un·' ltlclltl.uno·nt- .1rntmulaH· nt•;tr 1 ht• Ill I< lt•u' tntn a mat r1x 'urr .. uiHkd II\" 11 -rndt·lirnlttllf! 
m!'mhr.llll'. 9,1fMI. 
r St•t·n·tnl) parttdh und lan:<· lipul droplet- an• dt·J~<"II''d 111 tht· mlllrt\ !.i,"<I~J. 
rl \ lull\ lurnwcl ' I\ pt· II ~ranuh•. .J ..... fitMI 
Fu. X: Dl ... pt•rsum ul -~:cretur. purtldt•' 
u · l>t,pl:r~tnn ul ... enl?tllrv partu·l£'' (urrow,.,l frum T\'pt· I ~rnnttlt•, 111 thP upical ,p,·n•tnr. ntnpla ... m \,ntt' that 
mtnnfllnmt:nt' nrt• dn ... eh a'"'''llltl'fl \\ith thP,t' t>nrlldt', t:>,XIH 
h f>hpt•rstnn ut ... enf!tnr.· Jl<trt idt·' 1 hruu~:h the t'\ tup)o,m ul 11 -.t•t·rt·tur. t'f!ll. (C'umpan• "tt h ntup)u,m ul ac!Ji.lt't·nt 
nils at t ht: ri!(ht and 111p. \\lll'n· pun tdt• tltspt•,.,iun hth nut «ll'l'Urr~cl I • lf>,XilO. 
t', Filumt•nb "ith u ... suuatt·d 't'trt·tnr. pnntd.,, {arrm"l ut tht•tJl'rlphE>r\ olu T\pt: ll ~:runult:. t:UIOO, 
d ,\napintll\ lncatt>d Tvpt• II )!ntnult· (rum \\hit·h "''trt'tur.· p.trltt·J~, tarrmh) huH' tli-.prrst:d . AlthnuJ(h then· is 
S<"unt ,., tdt·m t• ul a It mit in~: mt•mhrant·. t ht• lar~e t-lf.'<·t nm·c•puqm· p.ITtit·l~ and lipid druplt·t' rt·main dw-tl·rt·d nne! do 
11111 ,,·ntt t•r. t:,,SCKl 
1156 liiE .Jot R'\AL Ot' 1:'\\' t;:-. fiG ,\TI\ E DF:R!\tATOL.O(:) 
lumina. Twenty-four hr alter epinephnne m1ect inn, 
~l.nol(l'n pan icll'" appl'ar in highi'T than usual ron· 
centration.., in the apicnl cytoplasm of thl'sl' t•ell ... 
!Fig. ~Jb1. 
utsn ss111' 
It is quilt' dt-ar trom tlll'st' nh,..t·n·ations that 
t'H'Il att er int ensl' pharrnaroloJ!it· "'' i mulat 1on, 
:-.rc·n•t ion in human aponi!H' gland-. 1,.. an l'Xtrerm•lv 
... uhtlt• pmn""· At all ... ta::6 ot t ht• l11opsy ,eqtu.-m·~· 
att£'r t·pim•phrine injel'tlon. no nHrt mnrphnlogit· 
changt·:- mule! ht• dt>tert l'cl in 1 ht• ,..t•t·n•tnn celb ot 
I hesc• ~land-.. Tht• bE.'st 1ncl ir:11 ion,.. that ~pineph­
ri Ill' had r(':lC'hed the tell.., wen• that 1 II some nf t ht• 
mynC'pttlwl1al ('ells abutting tiH' ~N·retory epi-
thelium l'xhihited hlnnrhed zom•s 10 min altt•r 
epinephrtm• lnjl't' t 1nn: I:! I st•t·n•t ion 1.''\uded from 
thl' orillrt•,.. ot the apoerirw gland" onto the skin 
... urftH'l' \\ ithin a :; min atler t·pirwphrint• injenion: 
l:ll ull "ll hit'l't,.. PXJWrienn·cl -.1 il!ht t ac-hn·arclw 
which lasted :m min tn I hr after the E.'pin~phrirw 
mjetl ion; I It ,..l'creto~ !,!ran uh.., \\ t•n• di,pl'l':'t·cl 
mon• oltt•n at 111 min ancl I hr alt<'r epi1wphrt1H' 
init•n inn 1 han hefim· or :.! I h r HIt t•r i llll't'l inn. i\ok it 
ha.; "'"1!1-:t'sl ('(I t ha 1 1 hl' do ... agt• of t' pi neph nne u ... t·d 
to ..,1 imulatt•the l!lancl» was t•M'l'~si\'l• ;mel inhihitt•d 
the st•t•rctnT\' t'ell re,..polht'. hut this is unlikt·h· 
~inn• "t't'Tl'tion \\3-. clt•linit 1\ l'l\' prodttl·ed. Th~· 
pll,..slhiltt y that morpholol!it· rhnngl'' nt·t·urrtcl only 
ht·forl' 1 ht• hiop,..je,.. tahn 111m in nltl'T t h<· epim·ph-
rinl' in it·t·t ion i:- abn unlikt·h· herau,..r all l'l·lb 
would tlwn haYe lll·t·n morphologiralh 1dent il'al at 
each sUlgl' of the hiop ... y ... equence. \\hereas in fa<·t 
<'llll..,ldL•rnhlt• morphologir \ uriutwn wa,.. "l't'll 
among 1 ht• ..,l'nl'lon· t't·lls of t·tlt'h inclividuul ill 
eat·h ol tlw :-I nge,.., · 
Tlw,t· rc,ults suh..,t ant iatP tlw ll\ pot he,..j,.. in i-
t iall\' madt• h\ \ lomagna l'l al III that srrrl't inn 
invoh 1ng n toplasmil' proit·t·t 11111,.. on·ur-, by t ht• 
pmthllll! off ol ... mall port ion,.. ol apicnl l'ytoplasm. 
\\'hetllt'r l'nm plet ely -.ol uhlt• maH•riab arc abo 
.;£>C'T<'It·cl hv the apotTint· ct•ll,.. t'llllnot vel he detl'r · 
mitH'CL lla..,himoto et al 1131 suggt•,ted that 
\\ herl'H>- tlw u ... unl nwt hod nl "'t't'rl'l inn 1._ thrnu:;:h 
I ht•,..t• -.mall t·nnpla,..mit· proit·t·t ion,, .. dct·apit:t· 
tion" nl apital c\toplasm on•urs in rt•..,pntbt• to 
..,lrong ~• imul1 Slnt•e mas ... i\'l• disrupt inn of apkal 
Q 'tnpla .. m nt t·urred nnl~ ran·h· in t ht· prt>-.t·nt 
expt>riml'nt" t•vpn after .. t ron~: stimulation. sud1 
disrupt inn j,.. prohahlv n11t hing mon· tlutn act'idl'n· 
tal. 
Hcl\\ nliln\' tvpe:- ot ~r:mult•:- on·ur 111 the UJ)Cl· 
crinl' ~land<! The prest·nt oh-.cr\'al tons indicatt• 
that two di,.,tinct ,..erretor\' typt•st·an he 1dentifiNl. 
I. A lru<' ..,t•rreto~ gTilnult• found in allcelb hu:-. 
a matrix ('Ompo!>ed of tightly Jlll<' kt•d filaments and 
it rontnin-. -.mall. E.'lertnm-opaquc• punide,.. and 
ot'l'<hlonalh· <1 few lipid drnpll•h Cvtoplasmit· 
filunwnt~ arl' lrPquenth a~,..o<'latecl with thi~ type 
of granule, which form~ hetwt~en thl' basal cvtn-
plu ... m und Culg1 zone" a.; a -:in~lt· membr~m·-
~ 'r ,\uki I'I'I"'Onalt·ommunil'illlou 
hnunclt•d , t•le,·tron-lun·nt J.:Titnul<· with ell'ctrnn-
op.lqut• !'ore. Alter tlw matrix forms. ~e<·retnn· 
partidt•.., c~rt- depositNinn it. 
'' \ part ia I k "l'l' rl't on gran ttl I:' i,.. lnund on 1\' tn 
"nllll' n·lls and has 11 ;tlill rix nt Ions<· I\· pat~kl'd 
tuhult•,.., Thi.; l\'pt· ron I ;tin.., iron. lipofuscin, and 
lnrgt• lipid rlroplt•t,.. as wtllll" thl' hil(hly cl<•nron-
opaque, small p;util'lt·s nnd -.mall lipid droplet ... 
... l'l'll in T y pl' L Thi,.. granul<• i,., abo dosl'l\' us-
..,O<'int t•d with cytopla,..mit· filament-.. The matrix, 
till' lir,.t l'nmponPnt to h·rm, uppea~ n,.. ... keins of 
lilnnwnts and tuhull':' lot·att•d nt·ur the huse nf the 
n·ll and nudeu .... lat<"r. t ht• vnr1nu,., I,\ pe ... ot pan i-
des art> clepo~!led 
A not her n topht»mit• indu-.inn is termed '1\ pr 
Ill . f'hh 1,rranulr. thl• ht•ginning !ilaJ,:e of Tn><' I 
granull' !ormation, i~ 11 ,..milll ml'mhrone houndtd 
hoch- \\ il h an el<'<'l ron ·opaque core. Stnl'C it frt· · 
qut•nt ly ntTUTl> in ,..j, t•,. hn,..al to t hr nurle1 and 
t lwn•( .. r<• not as,..ocinH•d with 1 hl' upit·alh· .,it uat<•d 
ColJ!i tone•:-. it:- initial formation mu,..t he relutt•d 
primarily to the rouJ!h t>ndnpl;bmit· retil'ulum . Thl' 
t' IITrt•nt <•videm·t• ugrt•t•-. With numerous earlit•r 
cl<'snipt ions of apnni1H' !(ranule ... that Type Ill 1.., 
tlw in it iul »tage ol ..,t'l'rt•tory granule format ion: 
Elli~ 11·1 ]. hnWt'\t•r. clrst•rilwd it a,; a dist inl't 
l'nt it\', 
The .. I h!ht" j!ranu It·-. tiN tfl',..l'rlhrd ll\ K urn-
sumi l'l nl j:lj and ulentiml \\ith mitochundna are 
:11\\tl\'' ,.mall in tlw ha-.al rytnpla..,m hut mav he 
lar~l' nt the l'l'll apex. \\hl·rl' the nistae are 
irrl'gulnr and a high at·t·umulutton ol matrix mat<· · 
rial on·urs . '\en•rt helt'"'· no tran,..lormat inn to 
'-l't'r<'lo~· granule,.. can lw t·unlirmt'cl. 
Tlw rl'-.Hit,.. ha,·p rcpt•atNII_,. indit·med 1 hnt gran-
ule•_, I. II. ancl mitcKhundria rl'ach r('latl\ el\ largP 
:-izl.'~ 1- Ii 1-11 . bperially 111 npical sit('". Sinrc nil 
han- tlillerent ult nhtrurt ural I eat ure,.. when 1 ht•\' 
ht•t·om<· ~o large, 1 hey arl' not mereh diffl'wn't 
stnl(l'"' ol formation ol cmt• type nl granule Apll'al 
mitorhnndria hm <' ultt·n !wen a;.:-;unu·d to .. , rans-
form.'' port icularl~· toawqum· <~n expanded mtll rtx 
\\ hich j,.. t·on..,iclered to lw P:\:-, po,..iti\('. In earlv 
E\1 ,..tuclic·-. ol man\' ti..,sub mltot·hondria \\ere 
rt•ga rcl<'d a,.. t h(• -.oun·t• of other organelle.-. or 
produl'l.s in many typl'S ol n•lls . tur exam pit'. a-. the 
... ite ol :-;ehum accumulation in ... ehaceow. rells 
II!J.~OI. Mun· recenth· tht-se claim" haw been 
di ... prnH•d I~ I]. The ·.,arne may lw applied to 
aponi1w cell mitochondria . Although further..,, ud 
It'" un• needed to make· a final dtterminntiun. the 
PA~ pusiti\ity that has hl'C'Il attributed to the 
l.uge apical mitoehcmclria is prohahl~· ob;.en cd 
only in the large Ty(l(.' I ~-:ranuh·s lm·ated in npil'al 
sitt•,.. Hs \H'II as in t hl• smaller TyJ>e I granule-. in the 
apit·al nnd latPntl rytoplnsm. Types r and II 
grnnul<·,. are not ,..o ea!'il_\ di,..t inguished !rom eat•h 
ot hc•r ... inc·e they hot h mntnin small electron 
OJl!H(lll' part iele,. and .-.mall t- II 1.1 1-1l l1ptd drop 
lt•ts and are a~~ocioted with filaments However. 
they differ m their mode of fo rmation. in the 
!'trut·ture of their rnatrit·(·s, ancl in the frequency of 
t lwir rn:currem·e. Whcn·a ... Type I 1s found in 
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FIG. 9: u: i\h·oepitht•llal cell~ 10 min alter epmephrine lllJl'<'tton ThP rnvolilarnents are llt!hth re~tnrt ed tn the 
ha~al cvtnpla,.m. and th!' delh!' hudies ('orrE.>spnndin~: to the Z line• ol striutt•d musde are prornment M itothondna. 
m hPr !'\'tuplm.rntc orgarwlles. nnd gruund ~uhstanee oc<'UP~ the pronunvnl. hlandwd apintl zone~. ~GOO. 
h: A portion of a m_,·nepttht'lral rPII 2·1 hr aftpr epmPphruw mjPctuln. Clv<'o~:en pHrtrde' tarrow,J are more hea\11~ 
conc!'ntrat ed at th(• a pical border uhuuinl( th£> -.~>rrE.>torv eptth!'linm at this time than at ot her mtenab. IG.:lOo. 
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'trl ualh allrl'lb. Typr II '" lound onh· nrra .... ional-
h :Vl nnt ag"na et a( 11 I and :VIont agnn ~~~I nnted 
that PAS-posttive ~ranules are found in all rrll:-. 
but pigment and trnn containing granule..; are 
found onh- m somr secretory t•nils. Tvpe I ~ranules 
would therefore seem to be identical with the 
former, Type n granules with the lattt>r. 
Thl· l'\ idrnc£' lor dilft•rt>lll'l'l- lwt ween 1\(ll'" I 
and II grnnule..; abo uwo(\'e,., gmnult• di,.,per:-wn 
\\hen dt,.,prrsum mTur:-, only t ht• ,.,mall part idt·,., 
as .... ociated with hnth granult• typt's are :-prt>ncl 
throughout the ntnplasm, partintlarlv at thr l'l'll 
apirr,.,. Thi:- evidrnce also mrmhorates the lid11 
mirro:-t·oiW ohservatwns of :\1nntag-na et al III unci 
th(' ultrastruetural oh:-rrvations of Btemptca and 
Mont<•:- [1~] that th(' entin• uptt·al cvtopfa,.,m 
hE'cnm£•-. PAS pn,..it i\(• nnd :-u~:ge:-t:- that thE' onh 
PAS pn:o.lltw cnmponent is t ht• small I- 2:)0 \I 
part ide However. <·ven though small par11de,., art> 
relcast•d from the ptgment n>ntumm~: T\ Jll' II 
g-ranu(C';.. other component,., do not dt;.per.-.e hut 
remain in ,.,phenn1l du .. ter:- wtt hout an appnr<·nt 
bnunding mcmhranl' . 
The :-ignilknnrP nt' the extrrnwl~· rfn,.,p interne-
tum between rnttndwndria and srnl'lor\" ~ranul<·;. 
needs fun her,.., ud\ Sinrt> mtt odwndria are gene r 
ull v a;.'icwiat Nl wtl h encr~ produdnK prorl'~"~'"· 
this i;. pruhe~bly thetr rnlr 111 rE'Iminn In tlw 
serrrtorv granule;., 
\ltnofilarnl'nt ... han· !wen oh,.,t·n·l·d in nponim· 
o..ecrctnry ('(•If, l!l.ll. hut tht•ir do"t- a,o,nrt<lt ion 
wtt h the set reton· granule~ ha.., not Ill' en de:-cnhul. 
l\l unger [71 demon,otrated sullltydryl and cltsulticlt• 
rean ivit \ 1 n some nf t hr Ia rKl' granule:- and. 
het·ousr ul thts and hrrau ... t• t ht ~ranul(':- IHI\' l' 
lt~hth parked ltlamenh and lipid. hrltl'Hd tla·y 
rontnin keratin. Hcl\\l'\'t'r. kNat in dot·-. nnt appear 
to form m thr ;.equrnrr cfp,..rrihed lor am· t\'(w of 
apocrinr granules The tact that 1 h<· mnt rirt·,. of 
apnrrim· )n'anules nmtntn numt•rou" tilornenh ,.,ug-
ge:;t~ that if the~e filament:; cnnwin sulfhydryl ami 
disulfide groups this historh(·mknl propt>rt~· could 
he explained. 
Sinn· the micrntilument;. art C'"fwc·ialh dnst•ly 
a .. sm·talt>d \\ tlh grnnufe,., undrr~oing dto..persinn 
and stn<·e the ;.mall parttdts dtsprr:-crl from the 
granules are lrl'qucntl~ dt>positNI nn the mil'fnlila· 
men h . the lnt tcr mny dtrt't't t lw mm·t·ment oltlw,.e 
part tdt•:-, ju,..t a ... saltatory mm l'llH'nt of pnrt il'lt·,. 
occurs tn othrr cell typt· .... 1~:11. Tht• orienuninn ol 
mir rntilamentl'> ,.,ugge;.t-. that 1 ht•..,e t·ytnpla,.,mie 
rom ponents play a mainr rnlt• in directing 1 he 
activit it•;. nl the o..erretory l'l'll,.,. In rolumnar n•lb. 
the~ art> nlten parnlld to tlw longttudinal a:-.is 
wherl'<i" tn euhnidal c<·lls tht•v often appear 111 
apit·al hand" pnrulld to the luminal surfate \\'._..., 
sells ct al 1~ ·1] have noted ~imilur hand:- durmg 
glnnclular Pmhn·ogen('sto.. wht•n rells lwgin to 
t•hnngt• shupt• ln the pre~<·nt :-ituatton. thl' tiln· 
men~» rnn~ tunl't ion in t·hangin)! u t·tthoidal n·ll 
into a columnar om·. 
Tht> late of' t hr ~mall secretory particles ol Typt· ... 
r and II granule~ rrmnin:- unknown . They cannnt 
hi.' dett•t tt•d in 1 hl' lumen and t·an only ol'l'a;.ionnlly 
he !'Cl'll in a tntt'fn\·ifltt.., that is pinrhtng otT fmm 
t hf:' a pit·a I ('(•II nwm brant·. Th<•refi>rt'. db~olut ion ot 
the small part id~-. may abo on·ur lwtore -.erret inn. 
ThC' n·latinnship o! the mvoepithl'lium Ill the 
st•crrtory lllC'l'hani,..m nl t lw aporrim· epi t hrlium is 
still lnr:,:t•lv unknown Smn· Ill min alttr epineph-
rim> inierl ion t hr mvoepit h<·lial c•f•ll,., had large 
apical blanched zones completely clemicl ol m~·ofil­
aments nncl stnt·e thr dense hndie" which corrl'-
,.,pnnd to tlu Z ltne~ ol ,.triatt>cl mu,.,c•((' arr promi-
nent, tht· mvneptthclium nppcar,. tn lw'<' l·on-
t rnct<•d in re;.pon,.,C' tn t ht• pharm<wnlogk :-I imula-
tton . It ront ral'l ion did on·ur, hoWl'\ t·r. it did not 
:-vnrhromzt• the senrtur\' fl<"tivity ot thr <•pitheli· 
um 
ThC' t·vidt•m·l' that 1lw mvoepitht·lium :-upplie:-. 
nut ric•nt s to the ;.ecrrt or\' relf,.. j,., also largelv nrcum~lil nt ial. Sinrl' hig-h ·<·om·cnt nu ion ... nl glyt·,;. 
gl'll appeart'cl most ron-.i,.,IC'ntk in thf:' apical por-
t ion ol tltP rn~oPptthelium :!·I hr altt•r PpinephrinC', 
perhap,., thi:- l'arhohydrall· i,. twin:! t·ont rihuted to 
the energy pool of tht• o,(•t'a·tnrv crib. 
I ,,m inclt•htl'ci tn Dr \\'altt·r l.obit ?" tnd hi, 'tall 
parttntlurl\' l>r llavid Drukt•r l>r \\allan Knap(>. and 
Miss Maxim• ~uttnn. fur 1 hetr .. url(t<·al assistnnre tn uh 
tntntll): th<'sl' hu>p-.tes 
Th!.' 1 xn·IJc.nt tl't·hnicnl sktll>- nl \lr- . Kuntl' \l<lh \\Nl' 
111\;t(uahlt• in th~ preparat inn nl the ''""Ill' tc r ultmo..trut·· 
tural "'"t'r. at ion 
REFEHr~~n:!' 
:\le~ntlljlllil \\', Cho~t· JIB, Lnhll~ \\'(' ,J r; llist<>loJ!V 
ann 1'\IC!t'hemi,.,tr.' nl human "kin , \ '. ,\xill!lr\' 
ap•><·rint·~\\(•at gland-. ,\m ,) ,\nat ~12·131 -170, w;;:, 
•> \lnnta)!nll \\'· Tht· Strul'lun· and Funl'l inn ol ~kin 
...,,.,·unci Ecitttnn '\(•\\ Ynrk. Ac·adt·ru tt· Pr(>,o,. I!Jii::! 
:t. Kurosum1 K Kttamura I ' lijimu T : Ell'ctrnn mtcro-
,,·npc• 'tudtt·, nn tht• hunwu ,nillu~ ,wl.'at glund-
.\rt·h llt-tnl .Jap lli:.-,::!:1 ;,fill W.'l!l 
I. Charlt,; A .-\n l.'lc:t·trc>n mtcrc"c'nptt' 'turlv nl thl' 
human ax llan apnainc· .:L111cl .) .\nat !l :l:::!::!li - ::!:1:~. 
l!l.i!l 
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